Projected changes in temperature and rainfall will likely change the future agricultural 48 activities of communities, especially in poor rural regions that depend on rain-fed crops 49 (Tadross et al, 2003) . Positive changes in rainfall characteristics (e.g. reduced number 50 of dry spells) can increase agricultural production but negative changes would require 51 adaptation measures such as changing cropping patterns. In rural regions however,
52
adapting to change can be a very slow process and rural farmers can find it difficult to 53 cope with the changes as they have limited resources. National and regional decision 54 makers within southern Africa are thus looking for adaptation guidelines and decision 55 making tools to help moderate potential negative impacts in these vulnerable regions.
56
Coping with climate change raises the prospect of novel behaviour and perceptions 57 to cope with changes in the climate. Risbey et al (1999) study was concerned with the 58 crop type decision at the farm and national level. It shows that using seasonal forecast 59 information is significantly overpassing mean, trends and hedge baseline behaviours. It 60 concludes on the importance of climate information for tactical decision making. But 61 these novel behaviour and perceptions may also involve changes in sowing dates, how 62 sowing dates are defined, changes in the application of fertiliser and water at different 63 periods of the crop growth cycle etc. (see for example FAO, 2007; Leavy et al, 2008) .
64
Additionally such changes will depend on the location, its local climate characteristics, 
127
The AgroMetShell model is a water balance based model (see Doorenbos and Kas-128 sam, 1979) . Water balance is the difference between the effective amounts of rainfall 129 received by the crop and the amounts of water lost by the crop and the soil due to evap-130 oration, transpiration and deep infiltration (Mukhala and Hoefsloot, 2004 based model (Annandale et al, 2002; Hargreaves and Samani, 1982) .
144
The soil water balance technique requires that crop water availability and con- To explore which adaptation decisions provide for efficient adaptation to a future cli- allows the decision maker to identify the sowing decision that should be adapted in 224 order to have a noticeable effect on the desired outcome i.e. crop yield.
225
The sowing decision rule defined in section 2.1 is often taken as x 1 = 25mm and 226 x 2 = 20mm (Reason et al, 2005; Tadross et al, 2003) . However, in order to explore 227 both actual and potential combinations of sowing dekad parameters, we explore a 228 much wider range of possible sowing dekads. We choose to consider any combination 229 of (x 1 , x 2 ) with the range of x 1 and x 2 being {0, 50}. Though neither of the four 230 extreme possible combinations (x 1 , x 2 ) = {(0, 0), (0, 50), (50, 0), (50, 50)} will occur in 231 a practical crop sowing process, they define a decision space wide enough to assume it 232 is enclosing most of the possible combinations. produced at each of the 176 stations shown in Figure 4 for precipitation, minimum and 263 maximum temperature.
264
We used downscaled climate scenarios from six GCMs : the CSIRO Atmospheric and has a high mean W SI (above 80%) which relates to high yields (see table 1 ).
276
The second region covers a wide strip from the northern Namibia to the north eastern [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] 
329
These results have to be considered in relation to crop failure (sowing conditions never met or W SI below 50). We observed earlier (figure 5) that the frequency of such failure for the GCM control climates are realistic. The mean change in crop failures from the control to the future period is plotted in figure  8 . Though there is a consistent increase over the arid area of south Namibia and west South Africa, the rest of the region indicates less frequent crop failures, except for little change over south Mozambique and Zimbabwe. west.
344
The results also indicate that x 1 contributes as much as 40% to the variation 345 in W SI over eastern South Africa, while the x 2 contribution is below 15%, whilst 346 over central Zimbabwe the x 1 contribution is above 30% while the x 2 contribution is 347 around 10%. Clearly in these regions the definition of x 1 is important. Over southern
348
Zimbabwe, Limpopo and further west, however, the contribution of both single x 1 and 349 single x 2 is small, implying that the combined effect of the two parameters is the most 350 significant contributor to W SI variability. Malawi.
361
Generally the sensitivity to x 1 , which is already high in the control climates ( figure   362 9) is increased in the future climate. In the case of eastern South Africa and central
363
Zimbabwe the increase in x 1 and x 2 contributions increase the total contribution of the 364 two parameters close to 50%, which suggests that we can propose efficient adaptation 365 options based on x 1 and x 2 , in order to mitigate the negative impact expected in this 366 region (see figure 6 ). Over Malawi, however, the relative effectiveness of x 1 decreases in 367 the future climate, whereas the effectiveness of x 2 increases. Whilst there is little mean 368 change in W SI (figure 6) this still implies that the sowing decision will need adapting 369 in the future. control period (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) future period (2046) (2047) (2048) (2049) (2050) (2051) (2052) (2053) (2054) (2055) (2056) (2057) (2058) (2059) (2060) (2061) (2062) (2063) (2064) (2065) Fig. 14 Simulated W SI dependence on x 2 at Harare (Zimbabwe) under different control and future climates.
Discussion

371
Given the demonstrated ability of the sowing parameters to affect simulated yields and 
